
 
DOI: 10.1016/j.buildenv.2019.106508 
 

 
 
 

Ten questions on urban building energy 

modeling 
 

Tianzhen Hong1, Yixing Chen1,2, Xuan Luo1, Na Luo1, Sang 
Hoon Lee1 

 
 
1Building Technology and Urban Systems Division, 
Lawrence Berkeley National Laboratory, Berkeley, CA 
2College of Civil Engineering, Hunan University, Changsha, 
China 
 

Energy Technologies Area 
January 2020 
 
 
For citation, please use: 
Hong, T., Chen, Y., Luo, X., Luo, N., Lee, S.H. 2020. Ten questions on urban 
building energy modeling. Building and Environment. DOI: 
10.1016/j.buildenv.2019.106508 

  



 

Disclaimer:  
 
This document was prepared as an account of work sponsored by the United States Government. While this 
document is believed to contain correct information, neither the United States Government nor any agency 
thereof, nor the Regents of the University of California, nor any of their employees, makes any warranty, 
express or implied, or assumes any legal responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents that its use would not infringe privately 
owned rights. Reference herein to any specific commercial product, process, or service by its trade name, 
trademark, manufacturer, or otherwise, does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any agency thereof, or the Regents of the 
University of California. The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof or the Regents of the University of 
California. 













6 

 

 

Figure 1. Overview of Urban Building Energy Modeling 

2.2 Question 2: Why is urban building energy modeling needed?  

Existing methods to estimate urban building energy demand using a limited number of archetype 
buildings and scaling up by building floor area do not fully capture the complexity of urban 
buildings, especially their interconnections. The current urban energy flow modeling is mostly 
based on top-down building stock energy models, starting with the building energy demand for 
one region and successively subdividing the whole stock into smaller subsections. These top-down 
models provide estimates of the energy analysis if more buildings of a certain type were to be built. 
However, such models are limited in their predictive ability when investigating the performance 
of a group of buildings in an urban context. At this urban scale, bottom-up urban building energy 
models are expected to achieve the goals of investigating/planning the integrated energy supply-
demand scenarios. Bottom-up models are based on physical descriptions and engineering 
calculations in and around buildings, which are used to analyze the operational energy costs and 
dynamic performance for the group of buildings at high spatial and temporal resolutions. 

UBEM is not about scaling up energy modeling from one individual building to many buildings 
in a linear fashion; it is about capturing the dynamic and complex interconnection and 
interdependencies between urban buildings and the urban environment. Urban environment 
strongly influences the performance of surrounding buildings, while buildings strongly influence 
the urban environment. Compared with modeling buildings as solo individuals, UBEM should 
capture the interactions between buildings (e.g., shading, longwave radiant heat exchange, solar 
reflection) and between buildings and the urban microclimate (e.g., building heat release to the 
ambient air, local climate such as urban heat island effect influences on building performance), as 
illustrated in Figure 2. It should be noted that most current UBEM tools, e.g., UMI, CitySim, 
Teaser, and CityEnergyAnalyst, don't consider the coupling effect of heat emissions from 
buildings heating up the local micro-climate which further influences the building energy demand. 
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UBEM also simulates on-site renewable energy generation (mainly PV) and district energy 
systems serving a group of buildings taking advantage of their thermal load diversity. Considering 
urban buildings as part of urban systems (a system of systems) will enable greater performance 
than just considering them the simple sum of individual buildings. 

 

(a) Shading and long-wave radiant heat exchange between exterior surfaces of buildings, and 
interaction of buildings with the local ambient air 

 

(b) Heat emissions from buildings to ambient air through five mechanisms 

Figure 2. Interconnections between buildings and environment in an urban context 
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UBEM is a powerful tool that provides simulation and analysis for urban energy planning and 
design, carbon emissions from buildings, and local building energy or GHG regulations and code 
compliance. UBEM can support users in answering a broad array of important questions about 
technology deployment and policy for urban buildings, such as:  

• Which types of buildings have the greatest potential for energy savings and cost-effective 
retrofits?  

• Which energy efficiency technologies can help achieve the greatest energy savings?  
• Where in the city are there districts with the right mix of load density and diversity to 

support district energy systems, or local energy storage to reduce energy use?  
• How much energy savings can be expected if all buildings in a city use a specific retrofit, 

such as replacing single-pane windows with double-pane windows, or fluorescent lights 
with light-emitting diode (LED) lights?  

• If all buildings in a city upgrade to meet the current building energy code, how much energy 
savings and peak electricity demand reduction can be achieved?  

• What is the impact of climate change on the energy use of the building stock in the next 30 
or 50 years?  

• What is the impact of extreme heatwaves on the energy demand of buildings with air-
conditioning and on occupants’ health in buildings without air-conditioning? 

• How to identify buildings vulnerable to heat waves and evaluate retrofits to address the 
vulnerability?  

• If solar PV is installed on available roofs of all buildings in a city, how much electricity 
can be generated? How does this meet the city’s renewable energy goal? What is the cost 
of such a PV deployment plan? How does this change the city’s building energy demand? 

• What are effective technologies to mitigate the urban heat island effect? How much of UHI 
effect is due to the heat released from buildings? These questions can be answered through 
coupling of UBEM with urban microclimate simulations, 

2.3 Question 3: What are the available UBEM tools? 

Today’s existing UBEM tools have diverse fidelity and requirements of computational resources 
and user inputs. Some UBEM tools are web-based (e.g., CityBES) while the majority are stand-
alone applications (e.g., CitySim and UMI). Some UBEM tools use physics-based simulation 
engines (e.g., CityBES and UrbanOpt use EnergyPlus) while others use reduced-order models (e.g., 
SimStadt, CitySim, City Energy Analyst, and TASER). Most UBEM tools integrate GIS-based 
datasets or use CityGML-based virtual city models. More than 20 UBEM tools were selected from 
the literature for review and are presented with a taxonomy of the tools’ spatial scale, modeling 
approach, data input, and application platform. Table 1 summarizes the selected UBEM tools for 
review.  

Table 1. Urban building energy modeling tools selected for review 

Approach Tool Developer Calculation 
method 

Target 
Users Reference 

Physics-
based  
dynamic 

CityBES 
Web-based data and 
computing platform to 
evaluate energy 

LBNL EnergyPlus 

Urban 
planners, 
policy 
makers 

(Hong, Chen, Lee, 
et al., 2016) 




